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ABSTRACT 
Stud ies  o f  the  e lec t rochemica l  c h a r a c t e r i s t i c s  o f  the  c o n d u c t i v i t y  c e l l  have 
been completed. 
gaseous e l e c t r o l y t i c  s o l u t i o n s .  Ey the use of spec ia l  techniques we a re  now 
ab le  t o  f a b r i c a t e  such c e l l s  t o  a predetermined cell  constant  w i t h i n  1%.  
These c e l l s  have teen Jesigned f o r  i n v e s t i g a t i o n s  o f  dense 
The runnini, o f  c e l l  64 has been terminated a t  50°C due t o  a f a i l u r e  i n  t he  
pressure b m b  du r ing  the  second run. A l a r g e  l eak  develGped i n  the  c o o l i n g  
system, r i s u l t i n g  i n  an abrirpt pressure drop which caused the  c e l l  t o  exGIode. 
Th is  c e l l ,  which was sho r t  term s tab le  t o  1 ppm, was our best  c e l l  t o  date.  
Cmpar ison o f  the data f o r  t h i s  shor t  second run  w i t h  t h a t  o f  the  f i r s t  run 
shows t h a t  t he  c e l l  was no t  Gnly r e v e r s i b l e  bu t  a l s o  r zp roduc ib le .  A f t e r  
s to rage f o r  over one month most emfs were repeatab le  w i t h i n  i O.$ up t o  
5ooc. 
We have now prepareci s tab le,  revers ib le ,  and rep roduc ib le  amalgam concen- 
t r a t i o n  c e l l s .  ds ing  the knowledse gained i n  t h i s  we w i l l ,  i n  the  next  
quar te r ,  r e t u r n  t o  the  metal arnalgam-insoluble metal  h a l i d e  e lec t rodes  used 
e a r l i e r  i n  t h i s  program. 
Because o f  t he  presence o f  small leaks, the  bomb was r e b t i i l t  e a r l y  i n  the  
quar te r .  The t o t a l  l eak  r a t e  was reduced t o  9.3 atmospheres per hour a t  3aO 
atmospheres (4530 p s i a ) .  The recertt f a i l i l r e  o f  the  coc lan t  l ine,which 
calrsed t h e  d e s t r u c t i o n  o f  c e l l  64, was apparent ly  caused by e lec t rochemica l  
a t t a c k  c f  the  s t a i n l e s s  s t e z i  coalant t ub ing  b; amalgam thrown aga ins t  i t  
when a c e l l  r up tu red  du r ing  3n e a r l i e r  measurement. 
- 1  - 
I -  
, *  
I 
1 .  CELL 64 
The f i r s t  run  of  c e l l  64 
from 13 ' io 100°C ( F i g .  1 )  
f a i l e d .  
covered 
of data 
The i a t a  
asted 14 days and 
The second run 
The c e l l  p repara t i on  and f i r s t  s i x  
covered the  temperature range 
as ted  5 days be fore  the  bomb 
days o f  the  f i r s t  run were 
t 
n the  f i f t h  q u a r t e r l y  repor t .  For c o n t i n u i t y ,  ti-(e e n t i r e  se t  
s presented i n  t h i s  repo r t .  
a re  presented i n  t a b l e s  1 and 2 and f i g u r e s  2 and 3. Though we 
2 
3is: no t  reach the  c r i t i c a l  tempzrature, pas t  exper ience and the  cu r ren t  
data lead 4 s  t o  expect t h a t  tne  emfs should e x t r a p o l a t e  smoothly from 9.13 
v o l t s  a t  ii)O°C t o  about 9.7 v c l f s  a t  140 C .  0 
Due t o  t l i e  l a rge  chances i n  t h e i r  emf w i t h  temperature, e lec t rodes  6 and D 
a r e  o f  p a r t i c u l a r  i n t e r e s t .  A t  lower temperatures (25 C ) ,  t he re  i s  an 
e f f e c t i v e  sodium a c t i v i t y  r a t i o  o f  abaut 13 between e lec t rodes  P and 0 ;  
however, a; 103 C, t he  r a t i o  irops t o  nea r l y  u n i t y ,  :!'en the  c e l l  was 
moQnteJ i n  the  bomt, i nspec t i on  showed the  appearance c f  the  amalgams B 
and D t o  Lz s i m i l a r .  Bot l ;  &ere i n  the l i q u i d  s t a t e  and t h z r e f o r e  o f  low 
concent ra t ions .  These g r a d m l  a n d  r e v e r s i b l e  changes i n  a c t i v i t i e s  can 
a l s o  be seen i n  severa l  o the r  e lec t rode  p a i r s .  Looking a t  PX, AD, AB, one 
sees an increase i n  sodium a c t i v i t y  i n  e l e c t r o d e  A. S i m i l a r l y ,  BC and BO 
show a decrease i n  t h a t  o f  B. Also, t he re  a r e  r e i a t e d  marked changes i n  
E/T between 75 and IOOOC. 
C 
0 
F i f t h  P.uarter 
1 
2 F i f t k  C-uarter 
y Report  Contract  NAS 7-32k, p .  23-31. 
y Report  Contract  MAS 7-326,  p .  21. 
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I t  was p o s s i b l e  on c o o l i n g  a f t e r  the f i r s t  run, to  repzat  most data p o i n t s  
w i t h i n  1%. 
e f f e c t s  and made i t  p o s s i b l e  t o  cont inue these measurements a f t e r  t he  
pressure system was rebui  1 t. 
T h i s  r e p e a t a b i l i t y  shows the  changes were due t o  r e v e r s i b l e  
A f t e r  a s torage p e r i o d  i n  excess of  one month, the  average changes i n  the  
emfs t o  53'~ were less than  9.546. 
Th is  run was te rmina ted  by a bomb decompression caused by a c o o l i n g  l i n e  
f a i  l d r s .  i fte c e l l  r u p t u r s  was so v i o l e n t  t h a t  the  c e l l  a n i  i t s  t e f  l o n  bag 
were cornFletely destroyed. Host of t h e  c e l l  w a s  broken i n t o  p ieces no 
l a r g e r  than sand. 
- 
The v io lence  o f  t h i s  exp los ion  made the  ga ther ing  o f  
amalgam samples f o r  a n a l y s i s  inposs ib le .  
Though we have y e t  t o  run a s t a b l e  concent ra t ion  c e l l  i n t o  the  
region, we now fee l ,  due t o  the excel 
Cel 1 64, t h a t  we icnderstand the cells 
i n s r l u b i e  metal h a l i d e  e lec t rodes .  
en t  s t a b i l i t y  and revers  
we11 enough t o  r e t u r n  t G  
c r  i t i ca 1 
t i l i t y  o f  
metal  amalgam- 
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2. CHARACTER i ST 1 CS OF THE CONDUCT I U  IT'.' CELL 
2.1 iNTRODUCTlOM 
T h i s  study was undertaken t o  b u i l d  c e t t e r  c e l l s  for  use i n  meastir ins t h e  
e lec t rochemica l  p r o p e r t i e s  o f  densc 9aseoL;s e l e c t r o l y t i c  so1c;i ions. Ammonia 
was chosen as t h e  i n i t i a l  solvent,  s ince  i t  has r e l a t i v e l y  m i l d  c r i t i c a l  
cond i t ions ,  112 a t m  a t  132.9OC. 
usable under these pressures,  
a t  the  meta l - to -g lass  sea ls  ( e l e c t r o d z s ) .  
h i g h  i n t e r n a l  pressgre can be c i r c i n v e n t e d  by sub,ecting the  c e l l s  t o  an even 
hicjher e x t e r n a l  p ressure  i n  a hic,h pressdre chamber. 
Even so, standard g lass  c z l l s  3 r e  not 
Even c e l l s  o f  pyrex c a p i l l a r y  t d b i n g  f a i l  
The problem o f  c o n s t r a i n i n g  t h e  
The h i g h  pressure  bomb has a 1-1/2" i n s i d e  diameter which made t k  design 
o f  a spec ia l  c e l l  necessary. Due t c  t h i s  s p a t i a l  r e s t r i c t i o n ,  i t  was 
apparent t h a t  the extraneous inductances and capaci tances assoc ia ted  w i t h  
a.c. would be d i f f i c u l t  t o  e i im ina te .  6 y  us ing  a f o u r  probe A.c. technique, 
we avoided t h e  p o l a r i z a t i o n  problems a f f e c t i n g  two p r o t e  2.c. mzasdrements. 
The 
i s t  
p r i n c i p a l  f a c t o r  leaci ing t o  t h i s  more 
c s  was our i n a b i l i t y  t o  get q u a n t i t a t  
measurements us ing  mercur'y and those ?s ing  K C I .  
t h e  c e l l  c c n s t r u c t i o n  so t h a t  we c o u l i  .Jetermine 
geometr ic measuremmts as w e l l  as b ,  a newl;, ~ e v  
d e t a i l e d  study c f  c e l l  cha rac te r -  
ve aSreement between c e l l  constant 
A s  a r e s u l t ,  we mGdif ied 
t h e  c e l l  cons tan ts  by 
sed d i p - r o d  tacknique. 
Though t h e  usc cf s l i t  e lac t rodes  prov ides  vo l tage  averag ing  ovzr  the  e n t i r e  
c i rcumference o f  t h z  s l i t ,  i t  a l s o  in t rodaces  d i s t o r t i o n  i n  t h e  p D t e n t i a l  
f i e l d  due t o  t?,e f i n i t e  w i d t h  of the s l i t .  de have found t h a t  t h i s  d i s t o r t i o n  
-10- 
disappears when t h e  s l i t  w i d t h  i s  reduced to  0.1 m o r  less .  The c e l l  con- 
s t a n t  i s  then a f u n c t i o n  o n l y  of  c o n d u c t i v i t y  tube l e n g t h  and area and no t  
o f  the  s l i t  w idth.  
With t h e  techniques developed i n  t h i s  study, we a r e  now a b l e  t o  f a b r i c a t e  
c e l l s  t o  s p e c i f i e d  c e l l  constants  w i t h i n  14, u s i n g  geometr ic measurements 
on l y .  
gaseous e l e c t r o l y t i c  s o l u t i o n s .  
These c e l l s  a r e  usable f o r  s tud ies o f  t h e  e l e c t r o c h e m i s t r y  of  dense 
- 1 1 -  
2.2 EXPERIMENTAL 
2.2.1 C e l l  Design 
The f o u r - s l e c t r o j e  c e l l s  used for our experiments a r e  shown i n  F i g .  4. 
The t w o  extreme e l e c t r c d e s  a r e  ;;sed t o  c a r r y  the  current,and t h e  two i n t e r -  
mediate electrodes, t o  measure t h e  vo l tage  devzloped across t h z  midd le  
c y l i n d r i c a l  sect ion,  which i s  c a l l d a  t h e  : ' c o n u u c t i v i t y  ti_lbe" i n  t h e  fo l low- 
i n g  d iscuss ion .  Tics s ide  arms a r e  sed t o  f a c i l i t a t e  the  f i l l i n g  process, 
rhzn  sealed o f f  so t h a t  t he  c e l l  can bz i n s e r t e d  i n t o  the  Fr2ssure vesse l .  
The f a c t o r s  on which t h z  c e l l  design i s  based a r z  a s  fo l l ows :  
a. The c u r r e n t  dens i t y  i n  t h e  c c n a u c t i v i t y  tube must be cons tan t  and 
Jn i fo rm i n  t h e  r e g i o n  o f ,  and k t w e e n ,  the  two emf measuring s l i t s .  
When t h i s  c o n d i t i o n  i s  s a t i s f i e d ,  the  c e l l  constant K can be 
dct2rmine.J by geometr ical  ccasi.irements, be ins  equal t o  L/A, the  
r a t i o  c f  tho  l e n s t h  o f  tub ing  b5twssn the  emf s l i t s  t o  t h e  i n t e r n a l  
c r c s s - s ~ c t i m a l  area o f  t h e  c o n d u c t i v i t y  tube. 
b .  The g o t e n t i a l  J i f f z r e n c e  betwzen t h 2  t w o  ends o f  thc :  c o n d u c t i v i t y  
tube i s  measurzif rh rough ti?: p a i r  c f  narrow s l i t  a p e r t i r E s  pe r -  
pend ica la r  t o  and encompassing t h e  e n t i r e  c i r cumfe renc is  c f  t he  
c o n d d c t i v i t y  tube. One rzasan t h a t  t h i s  geometry was selacted, 
i n s t e a J  3-f rhe small c i r c z l a r  ;?ole as i n  a LuSgin e lec t rode,  i s  
t h a t  i f  t h z r e  a r e  any n o n m i f o r m i t i a s  i n  t h e  e l e c t r G l y e c  o r  emf  
d i s t r i h y t i m ,  use o f  the  c i r c d l a r  emf measuring s l i t  s b t o u l u  average 
them out .  That i s ,  we scan or sample the  emf ovzr  a complete 
e q u i 9 o t e n t i a l  ins tead of  a t  a s i n g l e  l o c a l i t y .  SeconJly, for  a 
1 it 
Figure 4. Special Cell for Studying t h e  C e l l  Constant 
- 1 ‘A- 
given scanning area, a slit can be made narrower than a ctrcular 
hole; therefore, the potent a1 drop across the width o f  the s l l t  
and the cell impedance are ess than across a hole. Under this 
condition, there is less penetration of the current into the emf 
measur i ng reg ion. 
c. The cross-sectional area of the conductivity tube must be uniform 
and constant along its entire length. Furthermore, in order to 
facilitate the determination of this area, the cross section should 
also be circular. 
d. The sections of the conductivity tube must be sharply defined. 
e. The cell should be able to withstand a compressive pressure differ- 
ential of t h e  order of 10 - 50 atmospheres. 
f. The tungsten-pyrex graded seals used in the cell must not be 
weakened by the cell preparation procedure. de found that use 
of liquid nitrogen weakened this region, and led to frequent failures. 
For this reason, we placed a freeze cup above the main cell. The 
portion of the cell below the freeze cup is only subjected to dry 
ice-alcohol temperatures. By filling the freeze cup with liquid 
nitrogen, we form a solid plug of solvent which acts as a freeze 
valve. T h i s  allows us to evacuate the cell stem above this valve 
befcre sealing off. 
-13- 
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2.2.2 Cell Fabrication - Internal 
In order to fabricate a cell to meet the specifications, we had to place 
the mounting flange holding the conductivity tube an appreciable distance 
from either end. During the fabrication we found that in putting the glass 
flange on the outside of the conductivity tube, the tube was compressed 
during glassblowing so that its inside diameter, at that region, was about 
2$ smaller than that of the remainder of the tube. 
has a tendency to crack, as was actually the case with several cells. 
In addition, this flange 
After experimenting with several fabrication techniques, we adopted the 
following. 
over drill rod of the desired diameter by heating the tubing while main- 
taining a partial vacuum inside it. 2hile the tube was hot an3 the drill 
rod  still inside, t h e  glass flange was built up on the tube at the desired 
location. 
entirely and simultaneously produce a tube of uniform and constant cross 
section with a glass flange from ordinary glass tubing. 
A piece of ordinary glass tubing closed at one end was collapsed 
By this method we were able to eliminate the compression problem 
once the problem o f  producing precision bore glass tubing with flanges was 
solved, it became possible to make a cell with narrow voltage measurement 
slits. Three ccl s were fabricated with slit widths of 4 mm, 0.4 mm and 
0.1 mm, to determ ne the effect of slit width on the cell constant. 
In addition, for the purpose of clieckins whether the voltage acrcss the 
conductivity tube is influenced tj the positions of the voltage measurement 
leads, electrodes €31 and Cl were added i n  cell 74. It i s  to be noticed 
-14- 
t h a t  even w i t h  e lec t rodes  82 and C2 below t h e  s l i t s ,  while e l e c t r o d e s  81 
and C 1  are  l o c a t e d  above these s l i t s ,  no measurable emf (< 1 m i c r o v o l t )  ws 
noted across 61-82 and C 1 - C 2  for slits less than 0.4 mn. 
A l l  leads i n  our c e l l s  a r e  tungsten wires, sea 
means o f  standard tungsten- to-g lass seals. A1 
i n s i d e  t h e  c e l l  were p l a t i n i z e d  by m e l t i n g  a p 
ed t o  t h e  c e l l  envelopes by 
exposed tungsten sur faces 
at inum w i r e  on to  the surfaces. 
2.2.3 Measurement o f  t h e  C e l l  Constant 
C e l l  constants  have been determined by t h r e e  methods. 
i s  the  geometr ic method i n  which t h e  i n s i d e  diameter o f  t h e  c o n d u c t i v i t y  
tube i s  measured by means o f  a small ho le  gage an3 a micrometer, and i t s  
l e n g t h  i s  measured w i t h  a c a l i p e r  before assembly and w i t h  a cathetometer 
a f t e r  assembly. The c e l l  constant i s  then computed from the  equa t ion  
K = L/A .  I t  i s  necessary t o  in t roduce c o r r e c t i o n s  f o r  end e f f e c t s  for 
s l i t - w i d t h s  g rea te r  than 0.91 cm. 
The f i r s t  o f  these 
The second method i s  a l s o  convent ional .  The c e l l  constant i s  computed 
f r o m  t h e  equat ion K = Ra, us ing  the d.c. res i s tance  measilred across t h e  
c o n d u c t i v i t y  tube and t h e  known c o n d u c t i v i t y  o f  t h e  conduct ing l i q a i d  i n s i d e  
t h e  c e l l .  Both mercury and 1.3 N KCI s o l u t i o n  a re  used as t h e  conduct ing 
I i q u i d s .  
I n  t h e  t h i r d  method, the  c e l l  i s  f i l l e d  w i t h  a conduct ng l i q u i d  and a g lass  
d i p  r o d  i s  i n s e r t e d  i n t o  t h e  c o n d u c t i v i t y  tube. T h e  v l t a g e  i s  measured as 
a f a n c t i o n  of the  p o s i t i o n  of t h e  bottom o f  the rod. Graph ica l l y ,  we d e t e r -  
mined t h e  slope Sx o f  vo l tage  w i t h  respect t o  r o d  l o c a t i o n  a t  constant 
c u r r e n t .  
-15- 
i ‘r 
’x Ao(Ao - Ar) 
( 3 = -  
where A. is the internal cross-sectional area of the conductivity tube, Ar 
i s  the cross-sectional area o f  the rod, and i is the (constant) current. 
The conjdctivity o f  the conducting liquid does not enter into this expres- 
sion. If the expression is rawritten 
r 
A ( A  - AT) 
A 
JR 
dX 
- =  
0 0  
is the cell constant fcr rhe variable ‘r 
Ao(.qO - ,qr) it i s  seen that the term 
dip rod technique. 
In applyin5 the dip-rod methad to miasure the cross-szctional area and 
length of  the conductivity tUL8, ani ccriseqdentl/ the czl l  constant, it is 
important to measure accdrataly t n e  jepti, o f  insertion or t h e  ,ip rod into 
ttae con&ctivity tube. For convenimce in making this series of measare- 
ments, a conmercial Jrill press was J S S ; ~ .  The Jip rod was minted in the 
chuck of the drill ttead so as LO prcjvide vertical rod moKion, and a cathe- 
tometzr was mwnteil on the platform of the drill press t o  masure thd travzl 
of Khe r o d .  By this method wz were able to move the dip rod --p and down in 
the condJctivit;f tube easily, while maintaining accurate vertical alignment, 
and to measdre the amomt of roJ movement with an accdracy of f 0.31 m. 
L.‘e accuratel; SrounJ tne outzr surfac2: o f  a glass rod for JSC as the dip 
rod. 
5 cm., i.z., the length of tne con,uctivity tdte. (Surprisinsly, precision 
g lass  rods ara noL listed in standari suppti cacaloss.) 
It has a diameter of 4.026 f 3.324 mm over a lenctf. of approximately 
2-15 CURREMT-VOLTAGE CHARACTERISTICS 
Typical  current-voltage curves a r c  siven i n  ficjtlres 5 and 6 for  c e l l  bb, 
which was b u i l t  w i t h  ordinary pyrex tiibing. 
and 1 N K C l  w i th  and without a d i p  rod i n  the system. 
Data are  plotted for  both H5 
The l i n e a r i t y  o f  the current-voltage plats and the f a c t  t h a t  the l i n e  goes 
through the po in t  ( 0 , O )  indicates that  the measuring system i s  w e 1 1  behaved 
w i t h  t o t h  Hy and KCI as the conducting f l u l d s .  
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2.4 Geometrical Data on Cells 76, 74, 75 
The internal diameter of  the ccnductivity tube was measilred with a small 
micrometer. A cathetometer was used to measure the length of 
ts 
hole gage and 
the conddctiv 
after the cel 
measured with 
In table 3, a 
ty tube Lo, and the wiciths of the top Wt and bottom W,, sl 
s were completely built. The diameter of the dip rod was 
a micrometer. 
number o f  derived quantities are included for convenience 
since they are ilseii in a later biscdssion. 
-2'3 - 
TABLE 3. GEOMETRIC DATA 
. . .  
CELLS 76 74 75 
Conductivity Tube 
Inside Diameter d cm 0 .4727*0.0005 0.4747*0. O W  5 0.4762%. 0006 
Length Locm 4.720 iO.005 4.774 M.005 4.761 izO.005 
0 
Si it Widths 
Top SI it V cm 
6ottom SI it ; I .  cm 
t 
b 
0.445 kIo.005 0.045 C0.004 0.011 W.005 
3.367 i0.005 0.036 *a004 0.013 50.005 
z i p  Rod Oiametzr cm o.kO2blO.OOO5 0.4Cl26a.0005 0.402b*0.0005 
Derived Ciuant it ies 
Internal Cross-sectional Area 
2 of Conductivity Tube A cm 0.1754tO.0003 0.1770k0.0003 0.l7lbt0.0003 
0 
Cross-Sectional Area o f  
h 
0.1 Z!73*0 .O003 3.1273%) .0003 0.1273*3.0003 d Dip ROG A cm 
r - 
Averagz Slit :'idth, LI, cm 0.4lb 1'3.005 3.041 iO.004 0.012 *a.OO5 
0.274 k0.002 0.2Ul W.002 0.285 m.002 lrea Ratio 
Slit Correction Factors 
r A - A  0 
AO 
Without Rod, cx 0.034 0.075 0.0025 
With Rod, 6 0.0013 0.057 0.0023 
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2.5 CONDUCTIVITY DATA ON CELLS 76, 74, 75 
Emf  cu r ren t  measurements were made us ins  t o t h  KCl  and Hg w i t h  and w i thou t  a 
d i p  rod i n s e r t e d  a1 I t he  way i n t o  the  c e l l .  The exper imenta l  data for these 
n which p o s i t i o n  
on. 
i n  t a b l e  4. Oata f o r  measarements 
ed w i l l  Lie reviewed i n  a l a t e r  sect  
measurements a r e  g iven 
o f  the  d i p  rod was var 
I n  t he  present  d iscuss ion  we s h a l l  o m i t  t he  dse o f  t he  va r iods  measurements 
t o  determine e f f e c t i v e  c ross-sec i iona l  areas as we d i d  i n  an e a r l i e r  r e p o r t .  
The reason we d i d  t h i s  a t  t h a t  cime i s  t h a t  we were us ing  o r d i n a r y  t u b i n g  
i n  which the re  a r e  always l o c a l  v a r i a t i o n s .  I n  the  present  c e l l s ,  p r e c i s i o n  
bore t u b i n g  i s  ilsed so t h a t  t oe  pro t lem no longer e x i s t s .  
I n  the  t a b l e  i t  i s  seen t h a t  the s p e c i t i c  c o n d u c r i v i i i e s  &tei-tc~ficd x : t h  
and w i thou t  the  d i p  rod  a r e  i n  poor agreement w i t h  each o the r  i f  one uses 
Lo/Ao as  the  c e l l  constant,  the agreement be ing  worse for  the  wider s l i t s .  
We s h a l l  there fore  l ook  i n t o  the e f f e c t s  in torudced by t he  s l i t s  be fo re  pro-  
ceedinc, f u r t h e r .  
2.5.1 Comparison o f  Resistance Ra t i cs  (R / R r )  w i t h  Cross-sect ional  4rea 
Ra t ios  
0 
We shall f i r s t  examine the  res is tance r a t i o  Ro/Rr. 
approach i s  t h a t  we can compare t h e  e l e c t r i c a l  w i t h  the ceometr ica l  data 
fa i r1 .y  d i r e c t l y  w i t h  a minimum number G f  parameters e n t e r i n g  i n t o  the  com- 
par ison,  the s p e c i f i c  r e s i s t , i v i t i e s  and lengths  hav ins  -;ropge,l od t .  An 
eval lAat ion of these canparisDns shot-ld enable a s  t o  l o c a l i z e  sources of  
t h e  d isc repanc ies  i n  the  i n t e r p r e t a t i o n  of t he  data.  For ov r  f i r s t  examina- 
t i o n  o f  these aata we s h a l l  take the c e l l  constant  K as eq.Jal t o  L /A then 
The advantage o f  t h i s  
0 0’ 
-21 - 
I -  
I 
I 
I 
I 
I 
i 
CELLS 
W crn 
- 
T A B L E  4 
S P E C I F I C  C O N X C T I V I T I E S  CALCULATED FROM 
E L E C T R I C A L  R E S I S T A N C E S  AND GEOMETRICAL MEASUREMENTS 
5 using K withcut end 
correct ions, mhos/cm 
K C I  No rod 
Rod 
-4 
-4 
Hg No rod x 10 
Rod x 10 
76 74 75 
0.416 0.041 0.012 
0.1ObI ( 2 4 O C )  0.1057 ( 1 9 O C )  O.lOU8 ( 2 2 O C )  
0 . 1 1 2 0  ( 2 2 O C )  0.1071 ( 1 9 O C )  0.1070 ( 2 1 O C )  
1.014 (2OoC)  1.045 (2OoC)  1.047 (2OoC)  
-- 1.064 ( 2 0 O C )  -- 
CT using K with end 
corrections, mhos/cm 
K C I  No rod 0 . l l l b  (24OC) 0 . 1 1 3 b  ( 1g0C)  0.1092 ( 2 2 O C )  
Rod 0.1121 ( 2 2 O C )  0.1132 ( I g 0 C )  0.1072 ( 2 1 O C )  
Hg No rod x 10 1.04Z. (20'C) 1.123 (2OoC) 1.049 (2OoC)  
-4 
Roc: - P  1.125 (2OoC)  -- 
7 from literature, mhos/cm 
1 PI. K C l  
Hg x 
2O0C 2 5 O C  
0.10207 O . l l l Q 0  
1.0440 1 A394 
-22 - 
Rr  
and 
A - A 
0 r 
A 
- -  RO -
0 r 
R 
I n  t a b l e  5 we show measured r a t i o s  cf R /Rr f o r  b o t h  K C l  an3 Hcj as w e l l  as 
t h e  r a t i o s  o f  the geometr ica l  crass-sect ional  areas i n  t h e  two s e t s  o f  measure- 
ments. Ti,e asreement tetween t h e  two types o f  measurernen'cs i s  poor, appear ing 
t o  be worst  f o r  the  widest  s l i t s .  
0 
- 
i h e r e  a r e  several  p o s s i b l e  reascns f o r  che discrepancy between che t w o  s e t s  of  
r a t i o s .  One i s  t h a t  some o f  t h e  measurements a r e  i n c o r r e c t .  The a l t e r n a t i v e  
i s  t h a t  t h e  -,+ation r e l a t i n g  c k ?  two se ts  of r a t i o s  i s  i n c o r r e c t .  Since, 
as 'we havz seen, t h e  c o r r e l a t i o n  betwezn t h e  t w o  s e t s  c f  r a t i o s  i s  poorest  
f o r  cke l a r g e s t  s l i t  widths,  i t  i s  ?rcbat; ly t h a t  a t  l e a s t  one o f  the  sources 
of t h e  td iscremncy i s  a f d n c t i o n  of s l i t  w id th .  For t h a t  reascn we s h a l l  
rnake a s i n r l e  d e r i v a t i o n  base2 on very rough a s s m p t i o n s  t o  p r s v i d e  a f i r s t  
o rder  c o r r e c t i o n  t o  t h e  equat isn  f o r  t h e  g e o m e t r i c a l l y  dezermined c e l l  con- 
s t a n t .  Since we a r e  i n t e r e s t e d  i n  %stab1 i s h i n g  t h e  natclre cfr ti;e problem, we 
s h a l l  r e s t r i c t  ourse lves  t o  assJm2tions t :  l t  are* reasonable and easy t o  apply .  
I n s o f a r  as e f f e c t i v e  l e n g t h  i s  concerned, i t  must be g r e a t e r  than the  l e n g t h  
o f  t h e  c o n d 2 c t i v i t y  t t lbe s ince  therz  i s  a p o t e n t i a l  drop across each of the 
emf measuring s1 i t s  r a t h e r  than a s i n g l e  va lue o f  t h e  p o t e n t i a l .  
+he emf i s  b e i n a  measured across two s l i t s ,  across each of  which t h e r e  i s  a r  
That i s ,  
-23 - 
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TABLE 5 
RESISTANCE RATIOS, Ro/R,, 
OF C E L L S  !JITHOGT TO THOSE WITH D I P  RODS 
CELLS 
Resistance Ratios, Ro/Rr 
K C  1 
Seometrical Area Ratios 
- A  
AO r 
A. 
76 
3.254 f 3.02 
-- 
74 75 
-24- 
apprec iab le  p o t e n t i a l  drop. The s implest  approxinlat ion i s  t9 assume t h a t  
t h e  e f f e c t i v e  l e n g t h  terminates n o t  a t  t h e  end o f  t h e  conJ,c t iv i ty  tuLe 
bu t  i n  the  midd le  o f  each s l i t .  &.'e must a l s o  make an assumption as t o  the  
e f f e c t i v e  c ross-sec t iona l  area a t  the  s l i t .  Since t h e  c u r r e n t  bu lges o u t -  
s i d e  t h e  c y l i n d e r  a t  t h e  s l i t ,  we have macle t h e  assumption t h a t  t h e  bulge 
i s  approx imate ly  semi -c i rcu la r  an3 t h a t  t h e  e f f e c t i v e  average r a d i u s  i n  
t h i s  r e g i o n  can be taken as t l ie  sum o f  t h e  c o n d u c t i v i t y  tdbe rad ius  p l d s  
I / .  5 o f  t h e  rad ius  o f  t h e  c i r c u l a r  bdlge. 
we a r e  i g n o r i n g  p e r t d r b a t i o n s  i n s i j e  the  c o n d u c t i v i t y  tube i n  t h e  neigh-  
borhood o f  t h e  s l i t .  Hence, t h e  c o r r e c t i o n s  a r e  rough, b ~ i  we s h a l l  see 
t h a t  they appear t o  be adequate tc  acccunt f o r  the  r e s i s t a n c e  r a t i o s .  
I n  c a r r y i n g  o a t  t h i s  a n a l y s i s  
Cont inu ing  the  d e r i v a t i o n ,  we s h a l l  assume t h a t  res is tances  i n  s e r i e s  a r e  
a d d i t i v e ,  t 3 a t  i s ,  t h a t  
T h i s  cannot be s t r i c t l y  c o r r e c t  i n  any o f  t h e  t r a n s i t i o n  reg ions  i n  t h e  
c e l l .  However, u s i n g  t h i s  assumption, we o b t a i n  t h e  f o l l o w i n g  two equa- 
t ions.  
0 
L 
= p -  ( 1  + a )  
AO 
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and 
L 
!.le have t a b u l a t e d  t h e  values of CI and f3 i n  t a b l e  3. Us ing  these, we o b t a i n  
a c o r r e c t i o n  term fo r  the res i s tance  r a t i o  
I t i s  seen i n  t a b l e  5 t h a t  t h e  ac,re'Lment between t h e  res i s tancc  r a t i o s  and 
e f f e c t  i v z  a rca  r a t i o s  correct,; far tnc: sl i t  s f f e c t s  is' ~ c z l -  
l e n t .  Ti;e s l i :  e f f e c t s  t h e r e f 3 r -  accoclnt for  the  d i f i c r e n c z s  between t h e  
r e s i s t a n c e  r a t i o s  and uncorrecrc: arza r a t i o s  q u a n t i t a t i v e l y .  
2.5.2 S p e c i f i c  C o n d u c t i v i t i e s  
On t a b l e  3 we saw t h a t  t h e r e  wkr? discrepancies betwe2n s&eci-t'ic c o n d , i c t i v i t i e s  
i i s i n g  saomet r ica l  c e l l  cons tan ts  w i t ; o i t  a d  c c r r e c t i o n s .  In t he  l a s t  s e c t i o n  
we showei t i i a t  a s imple c o r r e c t i c n  i s  adequate f o r  purposes c f  account ing  
f o r  r e s i s t a n c e  r a t i o s .  I n  t h i s  comparison, t he  s p e c i f i c  c o i i d u c t i v i t i e s  and 
e f f e c t i v e  I a ~ c j t h s  drop G u t ,  so thai  ws must examine tii See Wilether the cor- 
r e c t i o n s  a p p l i e d  t h e r e i n  a r e  zq2alIy v a l i d  and use fu l  when applied t o  t h e  
system as a wticlle. For t h a t  rkason, i n  t a b l e  4 we g i v e  'ihc s p e c i f i c  con- 
d u c t i v i t i s s  f c r  K C 1  and Hg,with and w i t t i o a t  d i p  rod, ca l cu la te r i  w i t h  and 
w i t h o u t  Ji73 c c r r c c t i o n s .  
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It is sesn that the simple en2 e f f c ~ ~  corrections are afq-ate t o  remove t h e  
discrepanci2s between cells wit.? a n d  without rods. Howcvzr, t h e  data for  
both Hcj ancl K C l  are in poor accori w i t h  the specific conSucrivities in the 
literaturn. This may occur :or at least one of two reasons: cithsr the 
corrections applied to the data are net adequate, or t k r c  i s  an appreciable 
temperatdre rise in the conductivity tube during the measuremwcs due to 
ohmic heating. 
2.5.3 Discrepancies 
When we appli3.1 the end effect corrccticns derived for resisrance ratios 
to t h e  specific conductivities, we .?1 irninated one tylk,e cf discr,?pancy (that 
between cells witti and without ,ip rods), bdt a new one arosc; namely, the 
values of specific conductivities for both KC1 and Hg bccamc larger tnan 
those in t;tc literature. Therc arz a t  !-last three possible. so-rces which 
can Sive rise t o  t h i s  Jiscrzpancj. C!na is that K C l  and Hg ma; have impurities 
or there ma$ be an error in t!; l i C t  cGnczntration. A S ~ C O R F :  is that thers 
may b: sufriciant ohmic heati;.S to  cbangs the ternperatdres cf tile l i q u i d s  
in the cond,ctivitj t a t e  and ijeEce t k i r  spicific con2uctivixizs. A third 
is that, attiJough the end effect correction gave exczllent res;-lts with 
respect to t h ?  rclat ive cross-sect imal areas, the prascst Jiscrepancy m y  
be d u e  to its Siving poor resdlts when correcting for t i l e  khavior of the 
cell as a whole. 
If ohmic trcating is responsible fzr the remaining discrzpancizs, then with 
increase in temprature t h e  spscific. conjuctivit, or' KCI s!mL!?o' increase 
whereas that Far Hg should decrease. This is not in accord wit:, the data 
t 
s i nce  DOE;; increase. Henca, ohmic >,eating e f f e c t s  a r e  n o t  t h e  p r i n c i p a l  
caase o f  t ;  c discrepancy. Tt iercfore;  we must determine whst;mer t h e  d i s -  
crepanc: i s  ails t o  our m a t e r i a l s  :iavinS wrong s p e c i f i c  c c n d u c t i v i t i e s  or 
whethdr t h e  cm- rec t i on  f a c t o r s  ar '  inadequate f o r  t i l e  o v e r a l l  c e l l .  
I n  thz f o l l o w i n g  s e c t i o n  we exarninc v a r i a b l e  d i p  rod d a h .  These r e s u l t s  
g i v e  i?s an inaependent approac,; t a  d i s r i n g b i s n  between t k  r m a i n i n g  two 
sources of  the  Liscrepancy. It w i l l  be seen t h a t  t h e  v a r i a b l e  d i p  rod  
rescr l ts  g i v e  s p z c i f i c  c o n d u c t i v i t i c s  i n  b e t t e r  agreement w i t ! ,  t he  1 i t e r a t u r e  
than ti12 c o n 5 t x t i v i t i e s  c o r r e c i s i  For en,: e f f e c t s .  This  i n d i c a t e s  t h a t  
t he  p r i n c i p a l  d i f f i c u l t y  i s  n o t  t he  presence o f  i m p u r i t i e s  o r  wrong con- 
c e n t r a t i o n s  b u t  r a t h e r  t h a t  t he  func t i ons  1 + r. and 1 + €3 a r e  i n  e r r o r .  
Once we save e s t a b l i s h e d  th is , then i t  i s  no longer important t o  t r e a t  the 
correction prcblem f u r t h e r  s ince  o z r  main use o f  the  c o r r e c t i m  f a c t o r  i s  
t o  e s t a b l i s h  3 rnaximm s l i t  w id th  sdch t h a t  we can ignore  the  c o r r e c t i o n s  
and tij p r o v i i e  an understanding o f  the wa-i t he  c e l l  operates. 
2.6 VARIABLE POSITION D I P  ROD 
I n  the  d i p  rod technique, t h e  rod  i s  lowered t o  va r ious  p o s i t i o n s  i n  the  
c o n d a c t i v i t y  tube, and the  vo l tage  across t h i s  t i lbe i s  measured a t  constant  
cu r ren t .  K C l  has one advantage over Hg, i n  t h a t  i t  i s  t ransparent  so t h a t  
one may v i s u a l l y  observe the p o s i t i o n  o f  t he  rod  w i t h  respect  t o  t h e  ends 
o f  the  c o n d u c t i v i t y  tube and the  s l i t s .  A t y p i c a l  curve of vo l tage  vs. 
p o s i t i o n  o f  the  bottom end o f  t h e  r o d  i s  g iven  i n  F i g .  7. There a r e  th ree  
s ide  e f f e c t s ;  namely, ( 1 )  t he  curve i s  no t  l i n e a r  i n  the  neighborhood of 
the s l i t s ,  (2 )  the  curve, i f  drawn l i n e a r l y ,  does no t  i n t e r s e c t  the  two 
Lase c;-lrves a t  t he  edges o f  the  c o n 2 x t i v i t y  tube, and (3 )  bo th  i n t e r s e c -  
t i o n s  a r e  d isp laced downward, t h e  displacement be ing l a r g e r  a t  the  ilpper 
S I  i t .  
I n  t h e  reg ion  where the  d i p  rod  data a re  w e l l  behaved, the  i n t e r p r e t a t i o n  
o f  tm data appears t o  be c l z a r  c i l t .  b!? s h a l l  r e s t r i c t  the  d e r i v a t i o n  t o  
the  case where the  end o f  t h e  rc.3 i s  no t  near e i t h e r  zdge of the  c o n d u c t i v i t y  
tdbe. 
lJhen t h e  d i p  rod  i s  i n  p o s i t i o n  i n  the c e l l ,  t he  emf measuring c i r c u i t  
con ta ins  a t  l e a s t  f i v e  d i f f e r e n t  reg ions.  I n  th ree  of these regions, A, 
C y  E ( i .e . ,  i n  t he  neighborhood o f  the two s l i t s  and t h e  end of the  rod) ,  
t h e  c u r r e n t  d i s t r i b u t i o n  i s  not  gni form. I n  t h i s  d e r i v a t i o n  we s h a l l  assume 
t h a t  as long as the  end of t he  r0.J i s  n o t  near e i t h e r  edge c f  the  c o n d u c t i v i t y  
tube, t h e  c u r r e n t  d i s t r i b u t i o n s  i n  each o f  these th ree  recjions remains 
u n a l t e r z i j .  
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F igure  7. Resistance vs Rod Depth i n  the 
C o n d u c t i v i t y  Tube of Cel l  74, Using 1 .0  N K C I  So lu t ion  
as Conducting L i q u i d  
The w id ths  o f  these reg ions are  not important as  long as they a re  constant, 
s ince  t h e  d e r i v a t i v e s  of  the  vo l tages  w i t h  respect t o  the  p o s i t i o n  o f  t he  
end o f  t h e  rod  a re  then zero f o r  these reg ions .  
Le t  x be t h e  p o s i t i o n  of the  end o f  the rod  below the  upper edge o f  the  con- 
d u c t i v i t y  tube. 
t h r e e  non-uniform regions, as shown. 
d u c t i v i t y  tube i s  
Le t  cl, c 2’ =y C 4 ’  be t h e  d is tances  t o  the  edges o f  t he  
The measured res i s tance  i n  t h e  con- 
R = R + R  - + R  + R  + R E  A B C D  
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. *  
I 
D i f f e r e n t i a t i n g  w i t h  respect  t z  t k e  p o s i t i o n  o f  the t i p  cf t h e  rod, x, we 
o b t a i n  
t h e  other terms drop  out s 
p o s i t i o n  of t h e  end o f  t h e  
the  c o n 3 u c t i v i t y  tube. Since 
- 
RB - 
d R  i) + -  
JX 
- d R E  
dX 
assumption, they a re  independent o f  t h e  
ong as the  rod  i s  no t  near t h e  edges of 
1 ( x  - c*) =- c 
r = P  A - A  
LE 
0 
p . 4  8 
and 
(Lo - c,) - (x  + c+ 
0 
A R,, = F 
then 
r 
A “ A  - A r )  
A 
- - - - P - L =  ciR 
r AO r7c\ 0 3X A. - A 
Since we measure emfs, an3 s ince  che c ~ r r e n t ,  i, i s  constsnt ,  the p a r t i a l  
3 e r i v a t i v e  c? v o l t a g e  w i t h  respect t e  rod  p o s i t i o n ,  Sx, i s  s i v e n  t y  
and 
r 
A i 5 = -  
sx AJA0 - A r !  
Fasical l ; [ ,  WQ, ;-iave s u b s t i t J t e J  measfdrements o f  v o l t a g e  as a f 2 n c t i o n  of 
p o s i t i o n  f c r  chose o f  length .  i n  x i n ~  t h i s ,  we have avcidei t h e  end reg ions  
f o r  which c o r r e c t i o n s  rn,JsT: ot:,erwise bz appl  ied.  
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The Lata f o r  the  v a r i a b l e  d i p  rod  technique are summarized i n  t a b l e  b. 
resc l l t s  for c e l l  76 are  worse ti., 7% than those w i t h  end c o r r e c t i o n s  ( t a b l e  
4, page 22).  There i s  a d i s t i n c t  improvement i n  r e s u l t s  f o r  el l 74 b o t h  
f o r  K C l  and a 6% improvement 
y worse ( 1 % ) .  
The 
f o r  K C l  and Kg, 
for Hg. For ce 
t h e r e  be ing  a 4% improvement 
1 75, t h e  res :J l t s  a r e  s l i g h t  
Comparing t h e  v a r i a b l e  d i p  rod w t a :  the discrepancy for  c e l l  76 i n j i c a t e s  
t h a t  our  s imple creatment i s  n c t  aieqdate f o r  very  wide s l i t s  and t h a t  a 
more s o p h i s r i c a t c d  a n a l y s i s  ma! be nzzc i zd .  The consis tencv O F  c e l l s  74 and 
75 i s  gooi, Far t e t t e r  than f o r  ti;e resc i l ts  i n  t a b l e  3. T h i s  i n d i c a t e s  t h a t  
p a r t  of the t roJb1e w i t h  t h e  r e s y i t s  t h e r e i n  is  JJe t o  C:-,L c o r r e c t i o n s  d s e d .  
TAELE 6. VARIAGLE D I P  ROD DATA 
CELLS 76 7't 75 
9 f ro f i  1 angents, mhos/cm 
KC 1 3.113 3.133 0.139 
Hc, - .~ 1.066 x 13 -I 4 
I f  one examinas t h e  data f c r  t k  c z l l  w i t h  the narrowest s l i t s  (75), one 
sees t h a t  ti-e sata a r e  g d n e r a l l y  q ~ i t a  c o n s i s i e n t .  I n  p a r t i c u l a r ,   he end 
-33- 
I 
e f f e c t  c o r r e c t i o n s  a r e  small ,  amounting t o  3.4$, and the  v a r i a b l e  d i p  r o d  
technique agrees w i t h i n  1% w i t h  the  s p e c i f i c  c o n d u c t i v i t i e s .  
. *  
I 
From t h i s  we conclude t h a t  the  s t r a i g h t  geometr ica l  measurements w i l l  g i v e  
acceptable va luzs o f  the  ce l l  c m s t a n t s  t o  1 %  f o r  s l i t  w id ths  of o r  l e s s  
than 9.01 crn. A discrepancy remains between our va lues of s p e c i f i c  con- 
d u c t i v i t i e s  an-l those i n  t h e  l i t e r a t u r e ,  b u t  agreement has been ob ta ined 
between s p e c i f i c  c o n d u c t i v i t y  determined by two independen2 approaches. 
-34- 
3.3 ?RESSCRE SYSTEM 
T h e  presence o f  leaks i n  a va lve  a n i  s2veral f i t t i n s s  made i t  impossib le  t o  
operate a t  ?r2ssures over 130 atmospheres f o r  more than a few i:ours d i l r i ng  the 
e a r l y  & a r t  cf t h e  quar te r .  
24 hours, we were unable t o  rdn t o  temperatures over 1130°C (133 atmospheres). 
A s  the bomb thermal e q u i l i b r i u m  time was f rom 12 t o  
The bomb was < ismant led and clcane::. A new valve, f i t t i n g s ,  c e l l  leads and 
seals, a s  well 3 s  a new ceramic l i n e r ,  were i n s t a l l e d .  t l l o n ~  w i t h  c l e a n i n g  
the  bcmt 3ni2 i.:s ;> ish pressure 1 ines, same system m o d i f i c a t i o n s  trave been 
nacic t c  2 : i  i n a t e  unnecessar:: fi;tir.p and ,o in ts .  To ~ r e v e n t  f u t u r e  con- 
tamina-tic:! e f  :!E system, t h e  ~ 3 1 1 s  -;re wrapped i n  tef1s.n skeet t h a t  w i l l  
h o l d  ioosc amalgam. 
Leak r a t e  rnaas:rements before i;iz rzc?-nt  f a  i 1Jre show an average pressdre 
i c  2 cf 2 3 acmeper hcur  s t  3 d  atmospheres (4530 p s i a )  a t  t h a t  t i r e .  
r a t e  V J ~  1 : : ~  ?-nc~;sh t o  allow - 5  tr, r c n  c e l l s  over f l ight  s t  z i2vateci  temperatures 
WithGdt Fi3 r  ,' a pressdre *ArcbJ cars ing  t k r n  t o  exp10,e. 
T h i s  
-35- 
4.3 PROGRAM FOR NEXT QUARTER 
Repairs on t z e  pressure bomb w i l l  bz ccmpleted and one morL amalgam concen- 
tratim cell will be run. This call, like cell 64, will ts treated with 
ultrasonic asitation in o r i e r  t e  insure slectrode unifcrrnit;,. 
Six cells wiii.8 amalgam-insoluble slcctrodes of known cornFosit ions have been 
fabricatzJ. T,-,ese cells will tc filied a s i n g  Pb, CJ, 1 anc T I  amalgam- 
insoluble salt electrodzs. Ti:csc cells will then bz run. 
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